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ABSTRACT
We examine the dynamics of VOT in Polish stops
under lexical stress and focus. We elicit real Pol-
ish words containing voiced and voiceless stop+/a/
syllables in primary, secondary and unstressed, as
well as focus positions. We also correlate VOT with
speech rate estimated on the basis of equisyllabic
word length. Our results show that the relationships
between prosody and VOT are consistent with the
status of Polish as a true voicing language.
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1. INTRODUCTION
The two-way voicing contrast in Polish is imple-
mented by vocal fold vibration throughout closure
in voiced stops and no vibration and low mean VOT
values in voiceless stops [3], similarly to Russian
[2, 10] and Croatian [11], as well as Spanish, French
and Catalan [12]. The following list juxtaposes the
main phonetic implementation patterns of stop voic-
ing in Polish with those in English. The two lan-
guages respectively show:
• prevoiced (voicing lead) vs. short lag VOT pat-
terns for the voiced phonemes,
• short lag vs. long lag VOT for the voiceless
phonemes with little vs. much aspiration noise,
• no overlap vs. overlap in closure durations be-
tween voicing categories,
• absence vs. presence of a consonant voicing
effect on preceding vowel duration.
The phonetic characteristics in Polish are consistent
with a true voicing language encoded by the dis-
tinctive feature [±voice] [1, 2]. In aspirating lan-
guages such as English, the contrast is implemented
by [±spread glottis].
It has been hypothesised that in contrast to aspi-
rating languages, VOT values in true voicing lan-
guages are relatively less sensitive to, e.g. lexical
stress and emphasis because “glottal spreading ges-
tures for aspiration participate in prosodic strength-
enings and weakenings, while voicing gestures do
not” [4]. Additionally, speech rate proved to affect
VOT differently in languages with a [±voice] and
[±spread glottis] based contrast. In French or Span-
ish ([±voice]), prevoicing in voiced stops was found
to be longer in slower speech, while in English,
long-lag VOT, characterising fortis stops, increased
as a function of decreasing speech rate [1, 12].
In both voicing contrast implementations, short-lag
VOT (voiceless stops in Spanish, lenis stops in En-
glish) remained unchanged under speech rate varia-
tion, yielding symmetrical patterns, where only the
phonologically specified feature is affected.
Polish has hitherto not been systematically stud-
ied with regard to prosodic prominence marking or
speech rate effects on VOT. The stimuli used in most
previous studies on Polish voicing placed the target
consonants in bisyllabic words in a word-initial, fo-
cused and stressed position, either post-pausally, by
using a word list [3, 4], or phrase-medially, by em-
bedding in a carrier sentence [15]. The work by [4]
and [13] additionally reported on VOT in all possi-
ble stop+vowel combinations.
The resulting values were found to range from ca.
-160 to -10 milliseconds for voiced stops with the
mean at -88.2 for /b/, -89.9 for /d/ and -66.1 for /g/
[4]. The prevoicing range was typically narrower in
studies with a small number of samples from con-
nected speech and word medially [3]. The VOT
range for voiceless stops was found to lie between
+10 and +80 miliseconds [4, 15] (overall mean = 34
ms) with the velar /k/ providing the largest mean
positive value in [15], at +58 ms (in carrier sen-
tences) and in [4], at +53 ms. The threshold between
short- and long-lag VOT is taken to be located at 30
msec and most prototypical true voicing languages
exhibit short-lag ranges with maxima at 40 ms [1].
The present work is restricted to stop+/a/ stimuli
but instead, stress and focus positions are differen-
tiated, utterance-medially. We study monolingual
speakers of Polish from two dialectally homogenous
regions. Our main objective is to assess the influence
of strong prosodic positions on VOT, testing the pre-
dictions for a true voicing language such as Polish
in this regard. We also aim to verify observations
Table 1: A sample of study design: lexical stress position (S: primary = 1, secondary = 2, unstressed = 0) is varied
for target syllables (voiceless onsets /pa/, /ta/, /ka/; voiced onsets /ba/, /da/, /ga/) in real Polish words. Focus (F)
and IP boundary (IP) conditions are elicited by embedding in meaningful sentences in a Discourse Completion
Task (context sentences not presented; target syllables were not boldfaced in the actual experiment).
Elicited sentence S F IP
Kamila kupiła tulipany, a nie róz˙e. 1 X X
Kamila has bought tulips, not roses.
Nie, to Kamila kupiła organizator w supermarkecie, a nie Małgosia. 0 – –
No, it was Kamila who bought a folder in the supermarket, not Malgosia.
Kamila kupiła tapicerki w supermarkecie, a nie ogumienie. 2 X –
Kamila has bought upholstering in the supermarket, not tyres.
Nie, to Kamila kupiła medaliki, a nie Małgosia. 0 – X
No, it was Kamila who bought the medallions, not Malgosia.
that VOT values in Polish might be undergoing a di-
achronic change towards long-lag or that aspirated
stops exist as variants under emphasis [15].
2. METHODS
2.1. Speakers
Speakers from the city (or region) of Wrocław
(Lower Silesia) (N=7) and from the city (or region)
of Poznan´ (Wielkopolska) (N=10) were recorded.
Speakers were students and university clerks be-
tween 19 to 43 years old. They had not lived abroad
or outside their native region in Poland for more than
a year and were monolingual.
Proficient knowledge of English may influence
lag duration in speakers of Polish [15] and is known
to impact prevoicing [2]. Care was taken therefore,
not to include speakers who had received or entered
an intensive foreign language programme and/or
pronunciation courses at the time of the recording.
2.2. Experimental design and procedure
Table 1 presents a sample of the study design and
materials. The voicing contrast was elicited by plac-
ing syllables of the form /b, d, g, p, t, k/+/a/ in real
Polish words (lemmata N=42, no compounds). Two
sets of words were used: four- and five-syllables
long, eliciting secondary stress that in Polish falls on
the initial in words longer than three syllables. Each
target syllable occurred once in the penultimate po-
sition for primary stress, in the initial position for
secondary and in other, non-final position for un-
stressed (voicing contrast is neutralised in final po-
sition in Polish). Each target word was embedded in
carrier sentences exemplified in Table 1, varying IP
boundary (medial vs. final) and focus.
The stimuli list counted 168 sentences in
Wrocław, where voiceless and voiced stops were
elicited, and 84 in Poznan´ where only the voice-
less subset was recorded. The experiment followed a
Discourse Completion Task (DCT) procedure: par-
ticipants were asked to listen to a pre-recorded con-
text sentence in Polish and to read the stimulus sen-
tence in response. One repetition per factor level
combination was recorded per speaker.
2.3. VOT annotation
In voiceless stops, VOT was measured from the be-
ginning of the stop release to the voicing onset of the
following vowel /a/, marked at the zero-crossing be-
fore the first negative peak of pulsation, as in [3]. In
voiced stops, VOT was always negative, i.e. voic-
ing was present throughout the closure phase and
continued through the usually very short burst to
the next vowel. Consequently, all VOT values for
voiced stops correspond to the duration of the voiced
closure, measured from the offset of formant struc-
ture in the preceding vowel until the burst onset [3].
Nonetheless, some of the fully voiced closure
phases in /b/, /d/ and /g/ presented a drop in voic-
ing amplitude towards the stop release, visible in the
waveform. In these cases, the onset of the drop was
marked and the observations indexed.
3. RESULTS
Figure 1 presents the distribution of VOT val-
ues measured in voiced and voiceless target stops
(N=2130). The respective values are dispersed with-
out overlap, as found by [3, 4]. The distribution
of positive VOT for the voiceless tokens is right-
skewed with the median at 23.8 ms (SD=11.3). The
mean negative VOT for the voiced tokens is -51 ms
Figure 1: The distribution of VOT values for
voiced and voiceless stimuli.
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(SD=13.2).
The data support cross-linguistic tendencies [6] in
that a) the voiced bilabial exhibits the longest mean
prevoicing (M=-56.6, SD=12.5) and b) with increas-
ing backness, VOT lag duration increases in voice-
less stops: the longest mean positive VOT is found
for /k/ = 35.1 ms (SD=10.8), followed by /t/ = 23.7
ms (SD=7.3) and /p/ = 18.4 ms (SD=8.2).
3.1. VOT under focus and lexical stress
We analysed the effects of Stress, Focus, Sylla-
ble Count, Phrase Boundary, Place of Articulation
(PoA), Gender and City on VOT in voiceless stops
by fitting a linear mixed model with these variables
as predictors, a random slope (Focus) and random
intercepts (Speaker, Word Stimulus). We tested for
several interactions. We did not find any significant
differences between the dialectal regions that might
express themselves in positive VOT values. We fur-
ther report only significant main effects and interac-
tions.
The results confirm the PoA effect on short-lag
VOT in Polish (/k/: reference level; /t/: b=-8.5,
SE=2.1, t=-4.1, p<.01; /p/: b=-13.2, SE=2, t=-6.6,
p<.001). The model also reveals a significant inter-
action of Focus with Stress (focus*primary: b=2.7,
SE=1, t=2.65, p<.05; focus*secondary: b=2.2,
SE=1, t=2.1, p=.047). Figure 2 presents the subtle
differences involved. Mean VOT in primary stress
position, in focus, equals 26.3 ms (SD=13) vs. 23.9
ms (SD=10.7) when out of focus.
We also look at the impact of the same factors on
the duration of prevoicing in the /ba/, /da/, /ga/ data
with random intercepts.
A significant shortening effect of PoA on pre-
voicing for the alveolar /d/ (b=11.4, SE=2.6, t=4.3,
p<.001) and the velar /g/ (b=6.8, SE=2.5, t=2.7,
Figure 2: VOT values for voiceless stops differ-
entiated by lexical stress position and focus.
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Figure 3: VOT values for voiced stops differenti-
ated by lexical stress position and focus.
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p<.05) relative to the reference bilabial stop, is
found. Figure 3 suggests that prevoicing is longer
in focus, in all stress positions. The mean VOT for
all voiced stimuli in the focus condition is -51.8 ms
(SD=13.4) vs. -50 ms (SD=13.1) when not in fo-
cus. An independent impact of the secondary stress
position on VOT is also visible. The model con-
firms these observations with a significant main ef-
fect of Focus (b=-1.9, SE=0.9, t=-2.1, p<.05) and
secondary stress (b=-7.6, SE=2.5, t=-3, p<.01).
3.2. Stability of voicing under stress and focus
48.2% (n=280) of voiced stops were voiced through-
out the closure with no drop in amplitude. In the re-
maining cases (n=302), a drop in amplitude towards
the end of the closure was observed (see section 2.3).
47.3% of obstruent targets that exhibited the change
in amplitude involved the velar /g/, 27.8% the alve-
olar /d/ and 26.1% the bilabial /b/.
Figure 4: Correlations of word duration and VOT
in voiceless (grey crosses) and voiced stops (black
triangles) in 4- and 5- syllable words (in panels).
Word duration (ms)
VO
T 
(m
s)
−50
0
50
400 600 800 1000 1200
 : Syllable count 4
400 600 800 1000 1200
 : Syllable count 5
We compare the duration of the steadily voiced inter-
val to the lower amplitude interval as a proportion of
the entire closure duration. On average, at least half
of the closure interval was filled with stable glottal
vibration for all three places of articulation (60% of
/b/, 66.5% of /d/ and 51.4% of /g/).
A generalised mixed model was formulated with
presence/absence of steady glottal vibration during
closure as the binomial response. We analysed the
effect of the same predictors as in section 3.1 with
random intercepts. We found a significant interac-
tion of focus and /g/, suggesting that prosodic fac-
tors moderate the dynamics of glottal vibration dur-
ing voiced velar closure. Specifically, unsteady vi-
bration was 3.1 times more likely to occur in case of
/g/ (OR=exp(1.1), SE=0.45, z=2.5, p<.01), in focus.
3.3. VOT in relation to speech rate
The design of the experiment did not include direct
speech rate manipulation, e.g. similar to [1]. How-
ever, assuming that slower speech results in longer
total word duration, we correlate word duration and
VOT for four- and five-syllable long words sepa-
rately, plotted in Figure 4. Observations below zero
correspond to the duration of prevoicing in all voiced
stimuli (black triangles), positive VOT observations
come from the voiceless set (grey crosses). We find
a weak, positive correlation (r(667)=.13, p<.001,
r2=.017) between decreasing speech rate, measured
as equisyllabic word duration, and increasing VOT
lag, in four syllable words. We also find a rel-
atively stronger, negative correlation (r(318)=-.36,
p<.001, r2=.13) between slowing down and VOT in
prevoiced stimuli in five syllable words.
4. DISCUSSION
Our interest lies in the interplay of prosodic factors
with segmental detail [7, 8]. We conducted a prosod-
ically differentiated study on VOT in Polish, varying
lexical stress, focus and phrase boundary. We repli-
cated previous results [3, 4] with a carefully con-
trolled group of speakers.
First, our data follow universal tendencies regard-
ing the effect of place of articulation on VOT [6, 10].
Furthermore, a lengthening of VOT in Polish short-
lag stops occurs in stressed positions under focus.
Positive main effects of focus and secondary stress
on prevoicing were also found. Effect sizes for these
factors are however small, ca. 2-3 ms. Hypotheses
regarding the influence of strong positions on the
voicing contrast in a true voicing language such as
Polish, do predict that prosodic prominence (stress,
focus) should not greatly affect VOT values.
The marginally significant result at p=.047 for the
secondary stress effect on prevoicing has to be repli-
cated. Also, possible influence of initial word posi-
tion on VOT and its interaction with secondary stress
needs to be considered, given the disputed status of
secondary stress in Polish. Other work on this data
is exploring these possibilities [7].
We also find that glottal vibration in the voiced
velar stop /g/ drops in amplitude before the burst, es-
pecially under focus. As voicing in velars is gener-
ally hard to sustain [9], a longer closure under focus
inhibits filling the interval with steady vibration.
Some authors pointed to emphatic realisations of
sequences such as /ki/, that present noticeable aspi-
ration [15], as possible evidence for a sound change
towards long-lag in Polish. Our results show that
positive VOT over the 30 ms threshold does occur.
The surplus is mainly attributable to stops that phys-
iologically trigger longer lags, such as /k/, rather
than to strong prosodic positions. Such processes
do not attest to a systematic change towards long-
lag or prosodically conditioned variation [12]. How-
ever, variation that originates in the constraints of the
vocal tract “may be reinterpreted by listeners as in-
tended, and result in sound change” [12], we do not
however find evidence for such change in Polish.
In true voicing languages positive VOT tends to
be constant across rates, while prevoicing increases
in slower speech [1, 12]. Correlations between
speech rate and VOT in Polish implicate the pre-
dicted pattern. [1] note that VOT variation un-
der speech rate resembles the one found for strong
prosodic positions. The exact impact of these co-
dependent factors on Polish voicing will be ad-
dressed in further research (see also [5, 14]).
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